Nine mesotheliomas were found in a group of 384 mature, male, Fischer-derived rats maintained on various experimental diets in long-term feeding studies. The tumors apparently were unrelated to any of the test materials. They ranged from solid, raised serosal growths to delicate papillary structures, and occurred primarily on the tunica vaginalis propria of the testis, epididymis and spermatic cord. Four of the nine cases were unusual because there was mesotheliomatous involvement of the peritoneal as well as of the genital mesothelium.
Mesotheliomas, which are infrequently occurring tumors of mesothelial cells, arise from the serosa of the pericardial, pleural, and peritoneal cavities. These tumors are of interest because they have been seen in man exposed to asbestos and because asbestos-induced mesotheliomas have been produced in experiment animals. We have seen a number of mesotheliomas in our Fischer rats. Many of the mesotheliomas were more extensive than those in previous reports. In this report we describe the distribution and morphology of these tumors and discuss possible causes.
Materials and Methods
About 700 Charles River CD<IJ>F (Fischer 344 derived) specific pathogen-free rats were used in three separate long-term (2 year) toxicity studies. Three hundred and eighty-four were males. Tumor distribution and experimental information for each mesothelioma-bearing rat is in table I. Rats were started on diets as weanlings and were housed in groups of four on autoclaved pine shavings in stainless steel cages. They were allowed free access to water and their experiment diets. Animal rooms were maintained at 24°C and 50% relative humidity, with 10-12 changes of fresh air per hour. The rats were killed by exsanguination after being anesthetised with ether. After gross examination representative specimens of normal and abnormal tissue were fixed in 10% neutral buffered formalin, embedded in paraffin, cut at 6~m, and stained with hematoxylin and eosin (HE). Selected tissues were treated with periodic-acid Schiff (PAS) and Perls' stains (11] . Differences in tumor incidence among the various groups were tested for significance by Fisher's Exact Test for 2 x 2 Tables [I] .
Results
Nine of the 384 male rats had mesotheliomas. There was none in the females. In 372 five of the rats the tumors were limited to the genital serosa but in the others they involved the peritoneum also.
Tumors usually were shaggy yellow-tan to red-brown growths on the serosal surfaces of the peritoneal cavity or the tunica vaginalis propria or both. In rats affected least, lesions were only on the tunica vaginalis propria of the testicle, epididymis, or spermatic cord ( fig. 1 ). The smallest of these localized growths was a single focus on the tunica vaginalis propria about 2 mm in diameter. Rats with the most extensive lesions had similar masses covering large areas of visceral and parietal peritoneum; there was a marked accumulation of yellowish, translucent ascitic fluid. Lymph node metastases or involvement of other sites outside the peritoneal cavity were not detected grossly in any of the rats.
The histological patterns of tumor growth were similar and will be described collectively.
The tumors ranged from confluent, rough superficial thickenings on the serosa through sessile broad-based nodules to complex papillary structures. The papillary growths, which tended to have the most stroma, usually were covered with a single layer of neoplastic mesothelial cells continuous with the adjacent unaffected serosal mesothelium ( fig. 2 ). These cells varied from cuboidal to endothelioid. Their nuclei were rich in chromatin and had single nucleoli. The more solid, cellular growths usually were covered with cuboidal cells on the free surface but centrally had larger cells with indistinct cytoplasmic borders, an epithelioid appearance, and plump, vesicular nuclei with prominent nucleoli ( fig. 3 ). The cytoplasm of these cells was usually uniformly eosinophilic, but was sometimes finely vacuolated. At the centers of the masses, these cells were grouped into vague pseudolobules bounded by delicate rims of spindle-shaped cells. In some of the masses, neoplastic cells were arranged in gland-like structures ( fig. 4 ). The amount of stroma within and between masses varied greatly. Some of the growths comprised primarily welldeveloped collagenized stroma with few mesothelial cells, whilst others were composed mostly of neoplastic mesothelial cells with little stroma. Hyalinized stromal foci were common and occasionally there were hemosiderin-laden macrophages.
The number of mitotic figures was usually low and only occasionally was there local invasion of underlying connective tissue ( fig. 5 ). There was one instance of local lymphatic invasion, but no distant metastases were seen. There was no evidence of epithelial mucin in PAS-stained sections.
Many rats had tumors other than mesotheliomas, namely testicular interstitial cell tumor, pheochromocytoma, pituitary adenoma, pancreatic islet cell tumor, thyroid adenoma (both follicular and medullary), preputial adenoma, basal cell tumor, fibroma, neurofibroma, and reticulum cell sarcoma. There were no significant differences in the incidence of any of these tumors between the mesotheliomabearing group and the non-mesothelioma-bearing group.
Discussion
These tumors can be classified as mesotheliomas because of their morphologic similarity to previously described mesotheliomas [18, 29] , the demonstrable continuity of tumor cells with adjacent normal mesothelium, and the failure to show epithelial mucin [9] . In human cases of hernia, hydrocele, and hematocele, reactive mesothelial hyperplasia is sometimes seen in the serosa-lined sac. This non-neoplastic lesion must be differentiated from mesothelioma [17, 23] . One of the forms of the reactive lesion is a papillary mesothelial growth like some of the small isolated growths in our rats. Although the biological nature of the small papillary lesions in our animals is unclear, these lesions differed morphologically from those associated with irritation in man in that they were usually not associated with fibroplasia or chronic inflammation, and nucleoli were usually evident in the proliferating mesothelial cells. Tumors of the genital or peritoneal mesothelium have been reported in rats by many investigators. These reports are summarized in table II.
The studies cited above indicate that mesotheliomas extending beyond the scrotum in rats are unusual. In our series four of the nine affected rats had widespread peritoneal involvement. In these four rats, however, the most extensive tumor involved the genital serosa. It is probable, therefore, that the tumor began in the genital mesothelium. In a similar long-term study of Fischer rats, mesotheliomas had developed from the peritoneal surfaces of the omentum, spleen, liver, pancreas, and intestine, but not from the genital serosa [24] .
The incidence of mesothelioma as indicated in table I appears to be higher than most of the comparable long-term studies cited in table II, even though the latter were specifically selected because mesotheliomas were reported. A survey of recent issues of Toxicology and Applied Pharmacology (1973) (1974) (1975) and Food and Cosmetics Toxicology (1974) (1975) showed that in reports of long-term rat studies in which specific tumor-types were tabulated no mesotheliomas were reported in males. The rats in these reports represented a variety of strains and included 572 controls and 1,378 treated animals. Somewhat contradictory is the claim that mesotheliomas occur frequently in laboratory rats and mice [19] .
The data in table I indicate that the occurrence of mesothelioma was not related to the test substance in each experiment. There was a higher incidence, however, in experiment III than in the first two experiments. These three, 2-yr studies were initiated at 6-month intervals. A pattern such as this could be because of some unrecognized environmental factor that changed as the experiments progressed and primarily affected the last group.
The reasons for these mesotheliomas are not evident but we should consider some of the methods used experimentally to produce mesotheliomas and mesothelial proliferations.
Asbestos is thought to be the cause in some cases of mesothelioma in man [21] and has been shown to induce pleural and peritoneal mesotheliomas by intrapleural or intraperitoneal injection in rats [4, 22, 28, 31, [33] [34] [35] . Some investigators claim that asbestos penetrates the intestine and can be detected in the blood and various organs in rats [3] . Others claim that asbestos in the gastrointestinal tract does not migrate in significant amount to other sites and that mesothelial tumors are not associated with long-term feeding of diets high in asbestos to rats [7] . The degree of exposure to asbestos in our experiment was not known but reactive lesions associated with asbestos were not seen.
Hormonal imbalances have also been associated with lesions of the genital serosa. Proliferative lesions and papillary growths of the genital serosa in stilbestrol-treated male and female dogs have been described [14, 20] . Malignant uterine mesotheliomas developed in several squirrel monkeys after prolonged treatment with diethylstilbestrol [15] . The rats reported here were not suffering from any recognizable hormonal imbalance other than the high incidence of endocrine tumors commonly seen in this strain. The incidence of endocrine tumors in the mesothelioma-bearing group was not significantly different from the incidence of endocrine tumors in the non-mesothelioma-bearing group. There was no known exposure to any environmental estrogenic substances, although it has been reported that estrogenic secondary metabolites of certain fungi can contaminate cereal products in laboratory animal diets [25] .
Other possible causes of mesothelioma are chemical and viral agents. N-nitrosopyrrolidine is associated with neoplasms of the genital mesothelium in rats (table  II) [6] . Administration of 3,4,5-trimethoxycinnamaldehyde, which is similar to derivatives of wood lignin a, f3 unsaturated aldehydes thought to be carcinogenic, was associated with a number of neoplasms in rats including a single mesothelioma [26] . Whether this tumor was induced by this chemical and whether wood shavings can cause mesothelioma in general is unclear; rats treated with 3,4,5-trimethoxycinnamaldehyde in another study, however, had no mesotheliomas [27] .
Chickens injected with the avian leukosis virus, MC29, developed mesotheliomas of the peritoneal, pericardial, and air sac cavities. These tumors were similar to tumors in mammals [2] . Mesotheliomas also developed in a number of Swiss mice inoculated with polyoma virus [32] .
